OBJECTIVE: To characterize serum lipid abnormalities in overweight and obese female patients and to quantify the relative importance of associated factors. METHODS: Cross sectional study at the ®rst visit to the out-patient department. 237 consecutive overweight and obese female patients (age 31 AE 14 y, body mass index (BMI) 34.2 AE 6.0 kg/m 2 ) were studied. Evaluation included a questionnaire-based assessment of dietary and physical activity habits, determination of anthropometric indexes (BMI, abdominal/thigh ratio (A/T) and conicity index (CI)) and endocrine evaluation. Statistical analysis by factorial ANOVA and multiple regression. RESULTS: Dyslipidaemia was present in 46% of the patients, with hypercholesterolaemia (35%) being more frequent than hypertriglyceridaemia (10%). Age but not dietary habits or physical activity patterns was signi®cantly related to serum lipid concentrations, independently accounting for 6±10% of their variability. Pharmacological drug use resulted in increased serum triglyceride concentrations, explaining less than 5% of their variability. Serum cholesterol concentrations were not signi®cantly related either to anthropometric or to endocrine indexes. For serum triglyceride concentrations, anthropometric indexes accounted for 6% of their variability and endocrine indexes±postprandial insulin, serum cortisol, testosterone and androstenedione together accounted for 32%. CONCLUSION: In mild to moderate female obesity of the peripheral type, dyslipidaemia is common. However the most common abnormality, hypercholesterolaemia is not signi®cantly related to anthropometric or endocrine indexes, while these together account for more than one third of variability in serum triglyceride concentrations.
Introduction
Obesity and overweight are highly prevalent in modern western societies and are now considered a major public health problem. 1, 2 One of the main concerns is the presence of dyslipidaemia, since this signi®cantly increases the risk of precocious cardiovascular disease. 3 However the prevalence, type and mechanisms of serum lipid abnormalities in overweight and obese patients are still a matter of debate.
Demographic factors±namely race, geographic location, gender, age, dietary patterns and physical activity habits as well as biological factors±including the degree of obesity and the type of fat distribution, insulin, glucocorticoid and sex steroid hormone concentrations account for some of the variability of serum lipid concentrations. 4±6 Most studies generally consider one or a few of these factors, so that it is dif®cult to ascertain their interrelationship and relative importance. Furthermore in the research setting, the use of very homogeneous experimental groups may allow for the isolation of relevant factors which can however be minor in the clinical setting.
Since female patients, generally with predominant peripheral body fat distribution, are not considered to be the main risk group for the health hazards of obesity, the relevance of these factors is even less well known in this group. 5±7 We report the results of the standardized evaluation of obese and overweight female patients from the outpatient endocrine department in a central hospital. Besides a questionnaire-based assessment of dietary and physical activity patterns, and common anthropometric measurements, fasting and postprandial insulin concentrations, thyroid, adrenal and gonadic function tests were obtained. the abdominal circumference (AC) (measured to the nearest cm at the umbilical level) and the thigh circumference (TC) (measured to the nearest cm at the horizontal level of the gluteal fold), the last two measurements with the patient unclothed. From these the body mass index (BMI±W/(H) 2 , kg/m 2 ), the abdominal/thigh ratio (A/T±AC/TC) and the conicity index (CI AC/[0.109 (W/H) 1 2 ]) were computed. 9, 10 Laboratory evaluation took place in the following two weeks (prior to any therapeutic measure) between 08.00±09.00 h, after an overnight fast. Informed consent was obtained in all cases. A venous blood sample was collected at that time and again one hour after a typical breakfast (of approx. 250 kcal). Except when speci®cally indicated, all measurements were made on the fasting sample. Serum fasting and postprandial glucose, cholesterol (Chol), triglycerides (Tg) and high density lipoprotein cholesterol (HDLc) fraction were determined by automated enzymatic methods (Technicon Auto Analyser, Bayer AG, Leverkusen, Germany), HDLc fraction being measured in the supernatant after the precipitation of the low density lipoprotein (LDL) and very low density lipoprotein (VLDL) fractions. Low density lipoprotein cholesterol (LDLc) was then computed according to the Friedewald et al 11 formula. Radioimmunoassay (RIA), immunoradiometric assay (IRMA) and enzymelinked im-munoassay (ELISA) methods were used for the determination of fasting and postprandial insulin (fIns and ppIns, respectively, IRMA, Medgenix Diagnostics, Fleurus, Belgium), triiodothyronine (T3), thyroxine (T4) and thyroid stimulating hormone (TSH), cortisol (C), dehydroepiandrosterone-sulphate (DHEAS) and estradiol (E2) (all by ELISA, Immulite, Diagnostic Products Corporation (DPC), Los Angeles, USA) total testosterone (T) and androstenedione (A) (both by RIA, DPC). The intra-and interassay coef®-cients of variation were less than 10% in all cases. Random technical reasons resulted in an incomplete analytical evaluation in some patients; however for each parameter considered, the evaluation always included more than 75% of the total sample. Fourteen subjects were not present for blood collection and were excluded from the study; statistical analysis did not show any signi®cant differences in relation to the ®nal sample on what relates to the clinical characteristics that were available.
As de®ned, all patients had a BMI ! 25 kg/m 2 ; patients with clinical or laboratory evidence of endocrinopathy as judged by this evaluation were excluded.
Statistical analysis was performed with the Statistical Package for the Social Sciences Program (SPSS Inc., Chicago, USA). Results are expressed as the mean AE standard deviation (" x) or as percent as appropriate. Normal distribution of serum lipid concentrations was veri®ed by the Kolmogorov-Smirnov test or the logarithmic transformation was used. A separate analysis was performed excluding immature subjects (`18 y) and subjects taking drugs known to affect serum lipid concentrations, results being reported when statistically different from the whole sample. Furthermore age was always considered as a possible confounding factor in multiple regression analysis and the in¯uence of drugs on serum lipids was considered prior to regression analysis, by factorial analysis of variance. Simple factorial ANOVA was used to evaluate the signi®cance of qualitative factors on serum lipid concentrations. Multiple regression and correlation analysis was used to evaluate the signi®cance of quantitative factors on serum lipid concentrations; for this age and anthropometric variables were ®rst entered followed by serum lipid concentrations and then the endocrine measurements. As no difference was found with the use of the untransformed variables, these are presented for simplicity. 12 
Results
The clinical characteristics and the anthropometric measurements are summarized in Table 1 . Results of the endocrine evaluation are presented in Table 2 . Characteristics presented in italic were considered only on a qualitative basis; total number of observations for each is always above 80% of the total number of patients Complete lipid measurements were available for 182 patients. Of these, 80 patients (44%) presented some form of dyslipidaemia as de®ned. 13 The classi®cation of abnormal serum lipid concentrations both according to lipid and lipoprotein classes as proposed by the World Health organization is presented in Table 3 ; for the last one the total serum cholesterol/ triglycerides ratio (Chol/Tg) and the estimated LDLc concentrations were used. 14 Except for pharmacological drug use, two-way analysis of variance (with age being the second factor) did not reveal any of the qualitative characteristics presented in Table 1 , to be signi®cantly associated with serum lipid concentrations. Patients using hormone containing contraceptive preparations (36 patients) and those under anti-hypertensive treatment (22 patients, including diuretics in 15) presented higher triglyceride concentrations (1.42 AE 0.67 mmol/ L vs 1.03 AE 0.51 mmol/L, F(1,204) 6.782, P`0.05 and 1.56 AE 0.67 mmol/L vs 1.03 AE 0.52 mmol/L, F(1,204) 10.700, P`0.001, respectively). These associations explained less than 5% of the variability of serum lipid concentrations (Z 2 ). Age and the anthropometric parameters were signi®cantly interrelated: age was signi®cantly and directly related with the BMI, A/T and the CI accounting for 9%, 17% and 13% of their variability, respectively (bivariate correlation, r 2 ). Multiple correlation analysis revealed that independent of age, BMI was signi®cantly related with the A/T and the CI. Age and BMI therefore accounted for 24% and 23%, respectively, of their variability (corrected r 2 ). Independent of age and BMI, A/T and CI were still signi®cantly related, accounting for 40% of each other variability (partial r 2 ). In Table 4 , multiple correlation analysis of serum lipids and endocrine parameters against age and anthropometric indexes is presented. For age, bivari- ; the best ®tted computer-generated normal curve is also presented. Figure 3 Statistics and histogram for serum HDLc; the best ®tted computer-generated normal curve is also presented.
Dyslipidaemia in overweight women JM Martins et al ate correlation was performed; for BMI multiple correlation±age being the second factor is indicated; for A/T and the CI multiple correlation with age and BMI being the other factors, is presented. In Table 5 , results from multiple correlation analysis with serum lipids as the dependent variable and age, the anthropometric indexes and endocrine parameters entered successively as independent variables are indicated.
Signi®cant factors for serum lipid concentrations were different in patients with or without hyperlipidaemia de®ned as before.
In patients with hyperlipidaemia, total serum cholesterol was related to the three factors mentioned above which together accounted for 43% of its variability (partial r for age, triglycerides and HDLc concentrations of 0.293, 0.219 and 0.595, respectively) while in patients with normal serum lipid concentrations, age was no longer a signi®cant factor and only 12% of its variability could be accounted for (partial r for triglycerides and HDLc of 0.291 and 0.228).
Similarly in patients with hyperlipidaemia HDLc concentrations were signi®cantly related to the factors mentioned above which together accounted for 47% of its variability (partial r 0.660, 70.258, 70.332 and 0.231 for Chol, Tg, fIns and serum C, respectively) while in patients with normal serum lipid concentrations, fIns was no longer a signi®cant factor and only 11% of its variability could be accounted for.
No differences were found for serum Tg in patients with or without hyperlipidaemia.
Discussion
The examined sample consists mainly of overweight and mild to moderately obese young female patients, with predominant peripheral obesity. 3, 5, 7, 9, 15 When considering the results of the statistical analysis reported, it must be remembered that statistically signi®cant associations do not indicate casual relationships, even more so in a cross sectional study (such as this one) that does not allow for study of their temporal evolution.
In this sample, dyslipidaemia was found to be common, being present in more than one third of the patients. The most common serum lipid abnormality was isolated hypercholesterolaemia (32%), while hypertriglyceridaemia was rather uncommonÐ4% for isolated hypertriglyceridaemia and 4% for combined hyperlipidaemia, only slightly more common than isolated low HDLc concentrations (7%). This contrasts with some reported studies, where hypertriglyceridaemia is found to be the most common lipid abnormality associated with obesity. 16 Although racial, geographical and dietary differences may be involved, the difference probably underlines the importance of gender, since hypertriglyceridaemia is found to be three to four times more frequent in males. 16 As will be discussed later, females more commonly present a peripheral pattern of body fat distribution. 16 Extensive clinical and laboratory evaluation allowed us to exclude secondary forms of hyperlipidaemia in all the patients, except for ®ve cases of isolated hypertriglyceridaemia in which, contraceptive or anti-hypertensive drug use could perhaps be responsible. 17 The mild elevation of Chol and LDLc observed, argues against a primary monogenic form, which is also not supported by the observed distribution since it conforms with the normal one. 18 Except for pharmacological drug use, clinical characteristics±namely dietary patterns and physical activity habits±were not signi®cantly associated with serum lipid concentrations. Similar results were also Tg triglycerides; DHEAS dehydroepiandrosteronesulphate; T testosterone; A androstenedione; E2 estradiol; fIns fasting insulin; ppIns postprandial insulin; T3 triiodothyronine; T4 thyroxine. Partial correlation coef®cients (r) are presented: for BMI after correction for age; for A/T and CI after correction for age and BMI; for age the bivariate correlation coef®cient (r) is presented. * P`0.05, ** P`0.01, *** P`0.001.
obtained by other authors. 19 Although this probably re¯ects the qualitative assessment of those characteristics, the relatively monotonous results obtained and the small proportion of patients with signi®cant smoking or alcoholic drinking habits (not common in obese patients 20, 21 ), a more detailed evaluation would be rather dif®cult in the clinical setting.
Chronological age was a relevant factor for both Chol and Tg concentrations (but not for HDLc concentrations) and accounted for 11% and 6% of their variability, respectively. This agrees with most published reports. 22 Age was also a relevant factor for the anthropometric indexes considered, although it did not explain much of their variability; present results agree with the emerging model in which aging is associated with an increasing BMI and this is in turn associated with a progressively greater central fat deposition. 23 In the present study, when corrected for age, BMI was not a relevant factor for either Chol, Tg or HDLc concentrations, and the A/T or the CI accounted for only a minor fraction, 6%, of serum Tg concentrations. Even if anthropometric indexes are only indirect measures of adipose tissue distribution and may not allow for the precise evaluation of visceral adipose tissue, 9, 10, 15 this has also been reported by others in this gender, 19,24±26 and suggests that at least in females with mild to moderate peripheral obesity, abnormal serum lipid concentrations are only weakly related to obesity or to the pattern of fat distribution. The relation between age and serum lipid concentrations, and the in¯uence of age on the BMI, the A/T and CI, probably partially accounts for the apparent relation between the anthropometric indexes and serum lipid concentrations commonly reported and that is also apparent in this study, before correction for age and BMI (data not shown). 24±26 Also, in some studies, non-obese subjects are included. This may suggest that obesity per se and not the degree of obesity is the relevant factor for the reported association of serum lipid concentrations with the anthropometric indexes. 27, 28 Different lipid and lipoprotein classes were signi®-cantly interrelated and for Chol and HDLc but not for Tg, this was a major in¯uence explaining around 30% of their variability. Chol was directly related with both Tg and HDLc concentrations, while Tg and HDLc were inversely related. This has also been recognized by most studies. 29 For both Tg and HDLc concentrations, endocrine factors seemed relevant, insulin and serum C in both cases and androgens only for Tg. However only for Tg was this a major in¯uence accounting for around 30% of its variability. On the contrary, for Chol no endocrine in¯uences could be detected. These in¯uences were independent of the degree of obesity or type of body fat distribution. It seems therefore that the degree of obesity and the type of body fat distribution are simultaneous associations with the endocrine abnormalities and not a direct factor for the serum lipid abnormalities. 24 In this sample, however, body fat distribution was only weakly related to endocrine factors.
30±33
When we compare patients with and without hyperlipidaemia, it is apparent that for Tg the same factors are operative and to a similar extent, while for Chol, age is only signi®cant in patients with hypercholesterolaemia and the interaction is much stronger, and this was also true for HDLc except that age was not a signi®cant factor in either group.
These conclusions must be integrated in the pathogenic models of hyperlipidaemia.
Obesity per se, is associated with an increased hepatic synthesis of apoB100 and increased secretion of VLDL-containing Tg, which can be further metabolized in the circulation by lipoprotein lipase to LDLc cholesterol containing particles. 34, 35 An increased exchange between VLDL and HDLc and LDLc is also recognized. 34, 35 Even if such a model is operative, as suggested, by the strong relations between Tg and Chol (direct) and Tg with HDLc (inverse), it is dif®cult to accept that such a mechanism can account for the observed serum lipid abnormalities, since the most common one was found to be isolated hypercholesterolaemia while hypertriglyceridaemia was three times less frequent. At least for hypercholesterolaemia a defective removal of LDLc must be invoked and this may very well be the fundamental defect. 34, 35 In fact several studies have shown a strong relation between saturated fat ingestion and serum total cholesterol concentrations, as the result of the saturation of LDLc receptors. 36, 37 Genetic polymorphism, namely for the apoE2 and apoE4 alleles, which seem to reduce LDL clearance may also be relevant. 18, 38 We conclude that in female mild to moderate obesity of the peripheral distribution type, dyslipidaemia is frequent and hypercholesterolaemia is the most common abnormality. However high serum cholesterol concentrations, although related to age and to other serum lipid classes, are not associated with the degree or type of obesity nor to common endocrine factors. In contrast, pharmacological drug use, the distribution of fat depots, insulin, cortisol and androgens are relevant for serum triglyceride concentra- The corrected global correlation coef®cient is presented above (cr 2 ); partial correlation coef®cients (r) are presented for the independent variables; * p`0.10, ** P`0.05, *** P`0.01. Chol cholesterol; Tg triglycerides; A/T abdominal/thigh ratio; ppIns postprandial insulin; C cortisol; T testosterone; A androstenedione.
tions, even if hypertriglyceridaemia is much less common in this subgroup of obese patients.
